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Introduction
Well-designed systematic reviews use comprehensive searching strategies and multiple database searches 1 . Systematic searches must balance sensitivity and precision such that the number of records to screen is manageable, but researchers can be sure that relevant articles are captured. MEDLINE is by far the most frequently used database for biomedical systematic review searches.
One recent study found that 98% of systematic reviews used the MEDLINE database in 2014, with the next most frequently occurring database (Embase) at 63% 2 . The Cochrane Handbook of Systematic Reviews of Interventions also requires use of the MEDLINE database for systematic review searches 3 . PubMed and Ovid are the two most popular interfaces for accessing the MEDLINE database, and most researchers utilise one of the two on a regular basis 4 . Several recent publications have evaluated the potential benefits and methods of searching both Ovid MEDLINE and PubMed for systematic reviews [5] [6] [7] [8] [9] [10] .
Both PubMed and Ovid MEDLINE search the MEDLINE database; however, there are differences in syntax and retrieval between the two 11 . Variances between use of Ovid MEDLINE and PubMed in systematic reviews have caused differences in citation retrieval 12 , errors in search translation 13 , and changed the number of included articles in systematic reviews 7 . Despite confusion in the literature about how to accurately convert a search strategy between the two interfaces properly, and the differences in records contained in each, there is currently no resource that provides this information in one place.
There have been several previous attempts to standardise and automate search translation between medical databases [14] [15] [16] [17] ; however, these tools all rely on a "find and replace" style of translation and only support a limited subset of database syntax, which provides a less accurate search translation. In this paper we present a custom-built tool that aims to capture the full range of syntax options within these two interfaces.
Medline Transpose tool
The newly developed tool, Medline Transpose, is a web-based application that provides a more accurate translation of searches than previously built tools. It aims to provide the most accurate search translations between Ovid Medline and PubMed, while supporting learning by providing further information where an exact translation is not possible, or where the translation may be unexpected. This allows users to make informed decisions about how to best translate a search when exact options are not available.
The Medline Transpose interface has three main components: a text-input box, radio selection buttons, and the results pane. The text input box can receive input pre-formatted for either Ovid MEDLINE, PubMed, or neither (i.e. with no field codes). Users can input either a single or multi-line search strategy. There are two radio button choices below the search box. The first allows the user to select whether the search translation should be from Ovid MEDLINE to PubMed or from PubMed to Ovid MEDLINE. The second allows the user to decide whether they prefer a more "accurate" or a more "efficient" translation. In the few cases where an "exact" translation would be awkward (as in the case of [tiab] into .ti,ab,cl,oa,kw,kf), this second set of options allows the user to choose whether they prefer a more exact translation or if an approximation would suffice. The results pane contains the translated search strategy, with warnings or suggestions where an exact translation is not possible.
Search translations used by Medline Transpose were developed by a thorough review of documentation of the field codes available in Ovid MEDLINE and the tags available in PubMed, using a chart to match up equivalent terms. The chart was organised into sub-sections for readability and is available on the Documentation page of the Medline Transpose website (medlinetranspose.github.io). Where there were inconsistencies or ambiguities, the authors contacted database support for clarification and tested search terms between the two interfaces until the most accurate translation could be identified.
The Medline Transpose program was hand-coded by the authors using JavaScript. The project code is freely available on the open-source repository GitHub and the website is hosted by GitHub Pages 18 . The code is available to be used or modified under the terms of the MIT license 19 . The website design uses a modular and customisable framework package that is freely available from W3Schools 20 .
When a user conducts a search in the interface, the program uses regular expressions to match patterns in the input to known syntax. Regular expressions allow the program to recognise a range of complex inputs that may be subtly different, and account for user input mistakes in some cases, for example if there are extra spaces in the search strategy or if the user accidentally inputs an endash or em-dash in place of a hyphen.
Stakeholder feedback was used to guide development at all stages of the project. During early development, a small group of health information professionals were contacted via snowball sampling to test the program. An online survey was used to gauge satisfaction with the website's functionality and interface design. Free text boxes were also used to elicit suggestions for feedback or improvement. This feedback was used to improve the program before its official launch in 2017. Further feedback from a conference presentation and Twitter launch were also used to guide development in the later stages.
Field codes between the two databases do not always neatly match up. In some cases, the naming is different (such as "keyword" in Ovid vs "other term" in PubMed), and in others there is no exact logical equivalent (such as the commonly used "ti,ab" search in Ovid). In another case, the documentation of field codes did not match real world usage, such as the "Create Date" and "Entrez Date" fields, where the fields have been swapped between the PubMed and Ovid interfaces (an unresolved issue as of the writing of this publication). Finally, there are several instances in Ovid in which commonly used syntax by users do not appear in the help documentation, such as the popular "or/1-2" syntax style of writing out Boolean operators in shorthand. These idiosyncrasies have been carefully collated and incorporated into the program where possible.
Case uses
There are many anticipated uses of the Medline Transpose tool, both for the casual searcher and within formal literature review projects. The following are suggested uses for different audiences.
Case use: finding unique PubMed content
Ovid MEDLINE and PubMed both search the MEDLINE database. However, there is additional content in PubMed that is not contained in the former, such as book chapters, PubMed Central journals that are not indexed in MEDLINE, and author manuscripts 21 . In one case study, a search strategy was originally created for Ovid MEDLINE to take advantage of its more sophisticated search capabilities (e.g. adjacency searching) and later run in PubMed to find any missing supplementary content. In 6 out of 7 systematic reviews that they tested, at least one additional study was found that met the review's inclusion criteria. These results, however, will need to be replicated in light of Ovid MEDLINE's 2016 update to include Epub ahead of print citations 7 . Medline Transpose can be used to take a search strategy originally created for use in Ovid MEDLINE, and allow the researcher to find additional content in PubMed.
Case use: search filter translation
Search filters are pre-determined search strategies on a specific topic that have been tested based on their sensitivity and specificity in capturing articles on the desired topic 22 . Traditionally, search filters have been methodological 23 , but topical filters, such as finding citations on a particular population group, are increasingly popular as well. Because search filters must be developed and tested within the context of a particular database, they are published using the corresponding database syntax. Although there are examples in which search filters have been published with both a PubMed and Ovid MEDLINE translation 24 , many are not. Previous research has demonstrated the potential of user error when search strategies are translated by hand 13 , so it is anticipated that use of Medline Transpose may reduce this user error by providing a more accurate search filter translation for the desired database interface.
Case use: mid-search interface switch
Occasionally, it becomes apparent midway through a search that features of the other interface would enhance the search strategy. For instance, if the searcher is searching PubMed for "minimal clinically important difference"[tiab] and then discovers that some researchers use similar phrases such as "minimum clinical important difference", they may wish to switch to the Ovid interface to make use of simultaneous phrase and truncation options, which cannot be combined in PubMed. A searcher may also wish to switch interfaces to take advantage of other tools such as the pharmacological action tag in PubMed, PubMed's "results by year" graph, PubMed's E-utilities API, or the adjacency operator in Ovid MEDLINE. Because most of the search has already been entered into one interface, the searcher can copy and paste into Medline Transpose, and then copy and paste the resulting strategies into the other interface. Quick interface switches are also useful when a temporary glitch occurs in the interface being used, which avoids having to wait for the glitch to be resolved.
Case use: use of online citation analysis tools that use PubMed's API
There are many websites that make use of the National Library of Medline's API, which allows users to interface with publicly available PubMed citation data. Some of the most popular sites include PubReminer 25 , which allows users to analyse the metadata of their search results, or visualisations that show results pictorially 26 . These online programmes require a search in PubMed syntax, so Ovid users may find Transpose useful for analysing their search results, for example, to see which journals most often publish articles on their topic, to analyse yearly trends of article publication on their topic, or to see the MeSH terms most commonly associated with the articles they have found so far.
Discussion
One limitation of Medline Transpose is that many Ovid field codes or PubMed tags do not have an equivalent search in the other interface. If a similar search option is available, the user is provided with a warning or suggestion. If no equivalent is available, a warning is provided, so that the user can decide how they wish to adjust their search or strategy. Investigation is ongoing into the lessdocumented aspects of the Ovid and PubMed interfaces, with the goal of including as many functionalities as possible. Next steps will include further testing and refinements of the conversion strategies as additional exceptions are identified.
Medline Transpose is a unique tool that can accurately and efficiently translate a search strategy between the Ovid MEDLINE and PubMed interfaces. It is freely available online at medlinetranspose.github.io. Its simple interface design allows users to insert a strategy from either of the two interfaces and immediately retrieve a translation, with additional information where an exact translation may not be possible. The tool also provides information about and translations for concepts that are less well known, such as subset filters. Initial feedback from usability testing with information professionals has been positive. It is our hope that regular use of the Medline Transpose tool can help information specialists to better understand the intricacies of the two interfaces and lead to more accurate and efficient searching behaviours, and contribute to higher quality searches in the published literature.
